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Biography 


Professor Yang Hao received the Ph.D. degree from the Centre for Communications Research (CCR) at the University of Bristol, U.K. in 1998. From 1998 to 2000, he was a postdoc 
reseatch fellow at the School of Electrical and Electronic Engineering, University of Birmingham, U.K. In May 2000, he joined the Antenna and Electromagnetics Group, Queen Mary, 
University of London, London, U.K. first as a lecturer and was promoted to Reader in 2005 and to Professor in 2007. 


Professor Hao currently leads a {4.6M EPSRC QUEST programme grant on transformation electromagnetics and microwave metamaterials. He is a management board member of 
Cambridge Graphene Center, which has attracted over {25M funding from UK EPSRC. Over the years, he developed several fully-integrated antenna solutions based on novel artificial 
materials to reduce mutual RF interference, weight, cost and system complexity for security, aerospace and healthcare. He developed, with leading UK industries, novel and emergent 
eradient index materials to reduce mass, footprint and profile of low frequency and broadband antennas. He also co-developed the first stable acttve non-Foster’s metamaterial to enhance 
usability through small antenna size, high directivity, and tuneable operational frequency. He coined the term “Body-centric wireless communications’, i.e. networking among wearable and 
implantable wireless sensors on the human body. He was the first to characterize and include the human body as a communication medium between on-body sensors using surface and 
creeping waves. He contributed to the industrial development of the first wireless sensors for healthcare monitoring, digital plaster antennas and textile antennas. Professor Hao is a 
strategic advisory board member for Engineering and Physical Sciences Research Council (EPSRC), where he is committed to championing RF/microwave engineering for reshaping the 
future of UK manufacturing and electronics. 


Professor Hao is active in a number of areas, including computational electromagnetics, microwave metamaterials and transformation electromagnetics, antennas and radio propagation for 
body centric wireless networks, active antennas for millimeter/sub-millimeter applications and photonic integrated antennas, graphene and nanomicrowave. Professor Hao has published 
over 140 journal papers and he was a co-editor and co-author of the books Antennas and Radio Propagation for Body-Centric Wireless Communications (Boston, MA, USA: Artech 
House, 2006, 2012), and FDTD Modelling of Metamaterials: Theory and Applications (Boston, MA, USA: Artech House, 2008), respectively. 


Prof. Hao is an Editor-in-Chief for the IEEE ANTENNAS AND WIRELESS PROPAGATION LETTERS and EPJ Applied Metamatertals. He was an Associate Editor for the IEEE 
ANTENNAS AND WIRELESS PROPAGATION LETTERS, IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION during 2008-2013, and also a Co-Guest Editor for 
the IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION in 2009. He was a Vice Chairman of the Executive Team of IET Antennas and Propagation Professional 
Network. He is currently a member of Board of the European School of Antenna Excellence, a member of EU VISTA Cost Action and the Virtual Institute for Artificial Electromagnetic 
Materials and Metamaterials, Metamorphose VI AISBL. He has served as an invited and keynote speaker (ANTEM’05, ISAP’07, LAPC’07, IWAT’10, ICMICE'11, MobiHealth'11 and 
ICE’13), a conference General Chair (LAPC’08, Metamatertals’09, IMWS'14), Session Chair and short course organizer at many international conferences. He was elected as a Fellow of 
the ERA Foundation in 2007, Fellow of the IET in 2010 and Fellow of the IEEE in 2013. He is a holder of the Royal Society Wolfson Research Merit Award between 2013 and 2018. 
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HIGHLIGHTS OF 
ANTENNA HISTORY 


JACK RAMSAY 











A look at the major events in the 
development of antennas. 


Reprinted from Communications Magazine, 
September, 1981 
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Aperture Antennas 





Fig. 4. Herrz's Parabolic (1888). 
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UWB Antennas 
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Fig. IL Fan monopole (Marconi, 1901). Fig. 2. Lodge's tuned biconical antennas for electric wave 
telegraphy (1897). 
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Fig. 6. Bose's Sulphur Lens (1895). 





Bose's Lens for 60 GHz (Figure 6) 
Square tube: l'in, x Lin. x 114 in, 
Lens material: Sulphur. 
Intex ui refraction: 1.734 (1) 
Lens tvpe: Cylindrical. 
Focal length: l in. 
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Fig. 8. Heming's Paraffin Lens (1900). 


approx, 
approx. 


Lens Antennas 








Fleming's Lens for 1.5 GHz (Figure 8) 
Paraffin wc 


Cylindrical 
12 in. 


12 m. 
9 in. 


Materinl: 

Index of refraction : 
Lens type: 

Focal length: 
Azimuth width: 
Elevation height: 
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From Lens and Reflectors to Integrated Antennas 





Automotive radar antenna at 


Printed circuit antenna array with 35GHz FMCW 
77GHz (Toyota) 


module (Quin Star Technology, Inc.) 


Reflectors Lenses 















Cassegrain reflector High resolution dual fan-beam Gaussian optics lens 
ana 18-220GHz antenna 94GHz (Q-par Angus antenna 18-220GHz 
(Millitech, Inc.) Ltd.) (Millitech, Inc.) 
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Antenna Engineering Requirements 


e Zero thickness/ size, infinite gain and bandwidth, 
360 degree scanning 





NO COSTS 
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Constrains to Classic Antennas 


current is 2 triangular function of 7' 
f zu 
1 (1-45). Os 2'si/2 
1/2 


— -//2<2's0 








From Chu, radian 
1/B = Q = 1/(ka)? +1/ka "v 
From Harrington, 
G = (ka)* + ka 





k is wave number 
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Constrains to Microwave Absorbers 
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Fig. 1; Single-ayer absorbers 
of two thicknesses 


1 se 320 À 
7 |Rap(f)| df € In 10A" 


CR Brewitt- Taylor, Fundamental Limitation on the Performance of 
Chiral Radar Absorbing Materials, 

International Conference on Electromagnetics of Complex Media, 
Lisbon, Portugal on 27-29 Sept 2000. 
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Constrains to Antenna Arrays 


nie ao [in Tz, max || (BW — 1) 
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— — range, and the possible bandwidth 
of multiple frequency bands. 


B. L. G. Jonsson, C. I. Kolitsidas, and N. Hussain, Array Antenna 
Limitations, IEEE ANTENNAS AND WIRELESS PROPAGATION 
LETTERS, VOL. 12, 2013 1539 


Jonathan Doane, Wideband Low-Prole Antenna Arrays: Fundamental 
Limits and Practical Implementations 


PhD Dissertation, 2013. 
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Antenna Engineering Requirements 


٠ Zero thickness/size, infinite gain and bandwidth, 
360 degree scanning 
— [Increase the Frequency of Operation 
— Advanced Materials 
— Fully Integrated Solutions 
— Multi-functions 


— Smart Materials 
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An EPSRC Funded QUEST Project 


٠ It stands for “The Quest for Ultimate Electromagnetics using Spatial 
Transformations’; 


* A [5M 5-Year EPSRC Programme Grant starting in July 2011; 
¢ The QUEST brings together a new grouping of leading UK 


experimentalists and theorists from physics, materials science and 
electronic engineering to work together on the exciting opportunities 
and challenges emerging in the area of spatial transformations (STs) 
and electromagnetism (EM) 


http://www.quest-spatial-transformation.org/ 
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Ihree Schemes Leading to Electromagnetic Invisibility 
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Uf Leonhardt: With geometry, light and a wee bit of magic - aka technology - invisibility may become practical. 


JB Pendry, D Shurig, DR Smith; “Controlling Electromagnetic 
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Modelling Challenges: Mapping New Physics into 
Engineering Applications 
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Speculative Ideas 





3D Rotation 


22 X 4 Sampled 
Permittivity Map 





يم 


w |-—Conventional Hyperbolic Lens 
|—Phase-Correcting Fresnel Lens 
3 Len cree ee Fresnel Lens 
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30 GHz Radiation Patterns Bandwidth Properties 
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Non-Euclidean — 


SP1: Concepts 





(b) 


Coordinate 
Transformation 





SP2: Modelling to 
kits D 


Original Hyperbolic Lens 


Mesh in Virtual Space 

ER. — arl 

Permittivity Map in 
Physical Space 





٠ Model Tools for volumetric and Surface QUEST Devices 


° Rene Effective Medium Modelling Tools 
° Nano-scale and Superconducting Material Modelling 
Tools 
ruo (ferrofuid)*" 





ET 0.75 mm 






SP3: Materials 
Manufacturing and 
Testing 





St Andrews-SP1 
QUEST Theory 





Functional Materials, QUEST Antennas, EM 
QUEST Device Fab p Modelling 
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Metamaterial Antennas: Performance Enhancement from TO 


Luneburg lens 


e Luneburg lens is a gradient 
index lens: 


2 


rl 





¢ Analytical Tranformation 
Optics / Electromagnetics can Slim elliptical Luneburg lens 


a. athrrmwsinp 200 


be applied to reduce its - 
complexity or size. 2 
1\2 12 Ô 0 i 

— (à) +3 | 
R 0 1/0 : 


* A. Demetriadou and Y. Hao, “Slim Luneburg lens for 
4 Queen Mary antenna applications," Opt. Express, Vol. 19, No. 21, 





University of London pp: 19925-19934 (2011): WWW. qMU l.ac.uk 





Metamaterial Antennas: Performance Enhancement from IO 


A1m — Use the transformation lens as a super-strate to compensate the 
phase difference of the rays (0 » 0) radiated by the source 





starting from the ENSE lens 


x< 
2 
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100 200 E" 400 500 600 


Fu Mateo-Segura C; Dyke 75 Dyke-H; Haq 5, Hao Y. "Flat Luneburg — E S $5 
I Queen M ary Lis ve BE pe مات‎ for Directive Antenna 


University of London Applications". IEEE Transactions on Antennas and Propagation, WWW. 0 mL ion 1 
Volume:62, Issue: 4: 2014. 


Metamaterial Antennas: Performance Enhancement from TO 





Fig |. Configaraton of the quarter wave Fresnel lems. The deuscestranon phase-correcting 
Fresnel lens working at 30 GHz is chosen from [3], with D-635mm. FDA. 
r*9mm,£ 248,5, «58,27, 2454,57, 2343 (a) Top new. (b) Lateral view. (c) Ray 


tracing through every sub-zone of the phase-correcting Fresnel lens (magmafied picture of the 
ble dasbed box in (b) 
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Metamaterial Antennas: Performance Enhancement from TO 
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surface Wave Cloak from Graded 
Refractive Index Nanocomposites 
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Overall Impact of Research 


٠ QUEST has enabled a change of research culture so that, by “working 


together" more effectively, new opportunities for research could be 
identified, seized and exploited: 


Nurturing Future Leaders 


* 8 PDRAs and 8 PhD students are employed by 
the QUEST team 
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Spatial transformations: 
from fundamentals to 
applications 
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Theo Murphy ettemational scientific meeting organised by Professor 
Yano Hao. Professor Roy Semblas FRS and Professor Patick Grani 
Event details 
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Journal Papers 
More than 20 


publications to date in SCIENTIFIC 
high impact journals, REP ORT S 


including three in 
Scientific Reports and | D | Applied Physics. E 
EOE Journal of Physics D: 


one in Nature Photonics 
Applied Physics 
: r Physi VI 
لرك‎ Letters ahead ال‎ physics 
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PROPAGATION 








Physical Review Letters 





physics 





Intennas and Wireless Propagation Letters 
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Conferences and Keynotes 


e QUEST organised IET 
The Institution of 


— 2012 IET Seminar on 5e | | 
Transformation Optics (7 Eun -ngineering and Technology 


speakers, 10 posters) 









PIERS 

— 2014 Royal Society Scientific Progress In Electromagnetics Research Symposium à 
Discussion Meeting (14 speakers | | 
18 posters) K TUR ( ) O1 / p 

tua | IEEE NU 
© OUEST xu AP-S/URSI 
Q output à 2014 
— 6 keynotes 4 
| | METAMATERIALS | 

— 4 special sessions MR Ceci ue 

— More than 25 papers | m" EME URSIGASS 2014 
(presentations and posters) | | zz maa 2015 


5" International Topical Meeting on 
Nanophotonics and Metamaterials 
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News releases and public engagement 


* Public engagement 
— Royal Society Summer Exhibition 2011: “Geometry and Light — the science 
of invisibility" 
— British Science Festival 2011 (Dr Claire Dancer, then of Oxford) 
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Research Impact 


© QUEST has closely worked with UK industries and some projects 
were awatded with BAE Chairman’s Silver Award; 
e QUEST research has led to 
— Exeter CDT funding; EPSRC AOTOMAT (QMUL, Oxford, Birmingham) 
— Innovative UK funding on HARNET led by Thales UK; 
— Two spinouts from QMUL and Oxford, respectively; 
— IET AF Harvey Research Prize 
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Conclusions 


* The new concept of Metamaterials and Transformation Electromagnetics has 
accelerated the development of new devices in antenna and microwave 
engineering; 

e Involvement from material scientists will lead to ultimate engineering innovation 
and huge economic impact; 


* Future studies in metamaterials will include more exotic materials such as gain 
media, nanomaterials such as CNTs and Graphene etc. 


٠ The research should be more multi-disciplinary driven, and, therefore, require 
critical mass in research for enhanced visibility. 
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Further Reading 


Please follow: 
http://www.eecs.qmul.ac.uk/~yang/ 


http://www.quest-spatial-transformation.org 
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